The difficult problem of parameterizing tropical convection in large-scale models of the atmosphere led to the Global Atmospheric Research Program's Atlantic Tropical Experiment (GATE), whose goal was to improve basic understanding of tropical convection and its role in the global atmospheric circulation. A dense network of instrumented ships equipped with upper air sounding equipment and quantitative weather radars were located over the Atlantic Ocean, in the intertropical convergence zone (ITCZ), just west of equatorial Africa. The ship network was supplemented by a fleet of research aircraft and a geosynchronous meteorological satellite. The data obtained show that the deep convection in the ITCZ was concentrated in two types of 'cloud clusters,' rapidly moving squall clusters, and slowly moving nonsquail clusters. The clusters were characterized by large mid-to-upper level cloud shields, or 'anvil clouds,' that emanated from penetrative cumulonimbus convection. Accompanying the deep cumulonimbus in each cluster was a log normal spectrum of smaller convective features ranging from moderate cumulonimbus down to tiny nonprecipitating cumulus. The large cumulonimbus were typically grouped within a cluster into one or more mesoscale precipitation features (or MPF's), which were apparently triggered in mesoscale regions of intensified low-level convergence. As an MPF matured it developed a region of stratiform precipitation adjacent to its active deep convective cells. The stratiform precipitation fell from the anvil cloud. Associated with the stratiform precipitation were a mesoscale downdraft below the anvil cloud and an apparent mesoscale updraft within the anvil cloud itself, above the mesoscale downdraft. These mesoscale drafts were distinct from the convective-scale updrafts and downdrafts of the cumulus and cumulonimbus cells of the cluster. Downdrafts, both convective scale and mesoscale, filled the planetary boundary layer in the vicinity of cumulonimbus with stable air of low moist static energy. These wakes of downdraft air exerted a strong control on where future convection broke out. The results of GATE show that to simulate the effects of tropical convection in large-scale numerical models of the atmosphere a variety of phenomena must be accounted for, including not only convective-scale updrafts and downdrafts but anvil clouds with mesoscale updrafts and downdrafts, downdraft-induced boundary layer transformations, and mesoscale convergence patterns. Experimentation with ways of including some of these features of tropical convection in large-scale diagnostic and prognostic studies is under way, but much work remains to be done. CONTENTS 
The Mean Rainfall Pattern in the ITCZ
The mean rainfaRR patterns within the GATE ship array were determined from the shipborne weather radars and have been presented by Hudlow [1979] (see Figure 2 ). These patterns are consistent with shipboard rain gage measurements [Hudlow et al., 1980] and with water vapor budgets derived from the upper air soundings obtained in the ship array [Lord, 1978; Thompson et al., 1979; Reeves et al., 1979] . The precipitation pattern over a broader region than the GATE ship array has been estimated from the infrared imagery of the geosynchronous SMS 1 satellite by Woodley et al. [1980] (Figure  3 ). Over the ship array, the satellite estimates agree reasonably well with the radar measurements and therefore appear to be a useful extension of the GATE precipitation pattern. This pattern confirms that the ship array was, in fact, in the maximum precipitation belt of the iTCZ.
Types of Clouds Occurring in the ITCZ
The types Of clouds that formed within the portion of the ITCZ sampled by the GATE ship array have been determined from whole-sky camera photography obtained aboard four U.S. ships [Holle et al., 1979] and one Soviet ship [Bibikova et al., 1977] . Simpson [1976] , Borovikov et al. [1978] , Peskov [1980] , and Lebedeva and Zavelskaya [1980] have all commented on the frequent presence of several cloud layers, including cumulus clouds with bases near 500 m and layer clouds with mid-tropospheric bases near 4 km. From the U.S. photographs, Holle et al. [1979] determined that the frequency of low clouds (including deep cumulus and cumulonimbus as well as stratus and stratocumulus) and rainfaRR duration were maximum just south of 7ø-8øN. Combined middle and high clouds extended north of this zone in a manner consistent with the classic Hadley cell circulation, with poleward flow of air at upper levels from the equatorial trough. Martin [1975] and were found to occur in an east-northeast to west-southwest band extending from the African continent to the ship array and then westward across the Atlantic (for example, the cluster trajectories for the first 15 days of GATE in Figure 4 ). Thus, Martin [1975] concluded, the GATE ship array 'lay squarely in the main cluster track and captured clusters in all stages of growth and dissipation.' The cluster tracks, moreover, coincided with the mean precipitation zone shown by radar and satellite (Figures 2 and 3) , with the region of maximum cloudiness indicated by surface-based photography [Holle et al., 1979] and with global maps of cloud cluster frequency [Semyonov, 1975] . Clearly, the mean cloudiness and precipitation associated with the equatorial Hadley cell in the GATE region is largely a composite of individual cloud clus- the daily cycle of insolation can be important. Over and near but that the tendency for GATE cloud clusters (they say large islands and peninsulas such as Borneo and Malaya, squall lines) to take several hours to reach their maximum land-sea breezes control diurnal variations in clouds and pre-stage of development explains the observed early afternoon cipitation [Ramage, 1971; Houze et al., 1981] . Over much of precipitation maximum. the open equatorial oceans, there is a tendency for an early morning (•0700 LST) maximum of precipitation, which Gray and Jacobson [1977] and McBride and Gray [1980] attribute to day-night differences in the radiative heating profiles in cloudy and cloud-free regions. They suggest that these differences lead, through adjustments of pressure fields, to a maximum of low-level convergence in the morning in the cloudy areas.
Contributions of Cloud Clusters to Cloudiness in the ITCZ

Trajectories of cloud clusters over West Africa and the tropical Atlantic during GATE were compiled by
The diurnal variation of deep convective cloudiness inferred from satellite infrared images has been determined for the GATE ship area by Gruber [1976] and for both the ship area and portions of the West African continent by McGarry and Reed [1978] , Murakami [1979] , Ball et al. [1980] , and Griffith et al. [1980] . McGarry and Reed [1978] also analyzed the diurnal cycles in rainfall data and reports of thunder and lightning. McGarry and Reed showed further how the amplitudes and phases of local diurnal cycles vary geographically over both the GATE ship area and the coastal and land areas of western Africa (see Figure 6 ). Afternoon maxima of convective cloudiness and precipitation occurred over the ship array, while over the northern part of the land area, large-amplitude cycles occurred, with rain amounts greatest shortly before midnight, maximum cloud cover shortly after midnight, and light rain most frequent near dawn.
The diurnal cycles over the northern continental regions are attributed by McGarry and Reed to the tendency noted by Martin [1975] and •lspliden et al. [1976] for intense cloud clusters to form in the afternoon and then take several hours to reach their stage of maximum development. The explanation of the afternoon maximum of cloudiness and precipitation over the GATE ship array is not as obvious. Noting Cox and Griffith's [1979] finding of significant differences in day and night heating profiles in cloudy and cloud-free regions in the GATE area, McBride and Gray [1980] modify their explanation of the 0700 LST cloudiness maximum over other equatorial ocean areas by suggesting that the adjustment of pressure fields resulting from the radiative heating and cooling differences leads to enhanced convergence in the morning
Sizes and Structures of Precipitation •lreas in the ITCZ
In satellite imagery a cloud cluster typically appears as a rather homogeneous patch of upper level cloud. However, the precipitation falling from this cloud is seldom, if ever, correspondingly homogeneous. Typically, there are several cumulonimbus features with precipitation areas of a variety of sizes and types interconnected by the same upper cloud shield. Statistical studies of radar echo patterns have determined characteristics of the population of precipitation features that occurred in the GATE ship array.
a. The size spectrum of G/ITE radar echoes. Prior to GATE, convective radar echo patterns over the western tropical Atlantic Ocean had been studied by Iwanchuk [1973] and L6pez [1976] , who found that small echoes (<10 • km 2 in area) dominated the total number of echoes, while large echoes (> 103 km 2 in area) accounted for most of the area covered by precipitation. Convection in GATE (i.e., the eastern Atlantic) has been found to be similar. Using radar observations from the GATE ship Oceanographer, Houze and Cheng [1977] made a comprehensive survey of radar echoes occurring around 1200 UT on most days of GATE. Some 67% of the echoes in GATE were < 102 km 2 in area (D scale) and 25% were 102-103 km 2 (C scale), while only 8% were >103 km 2 (B/C scale) (Figure 7 ). Yet 79% of the total area covered by echoes was covered by the B/C scale echoes (Figure 8 ). Hence the relatively few large precipitation areas present in GATE (and other tropical cloud populations) take on great importance when their areal extent is considered. L6pez [1978] , also working with the Oceanographer radar data from GATE, further showed that the largest 10% of the echoes accounted for 90% of the precipitation.
Examined in another way, the size spectrum of radar echoes in the tropics (whether measured in terms of echo areas, heights, durations, or rainfall intensities) is usually found to be basically log normal [L6pez, 1976, 1977] . In GATE, log normality of the radar echo population has been found to hold both for long periods of time [ These four types of echoes correspond to convection in successively more advanced stages of development. Type 3 and 4 echoes occurred only in major cloud clusters (see case studies in section E). Characteristics of the convective cells, which occurred in type 1, 2, and 3 echoes, will be discussed in section D6c, while the structure of the anvil precipitation will be de- (Figure 12 ). Downdraft cores were and the cells contained in aggregates were determined. The weaker than updraft cores, except near cloud base, where updistributions were found to be log normal for both the isolated draft and downdraft cores were of similar intensity. In gencells and the cells making up aggregates (Figure 11 ). How-eral, the GATE cores and drafts were similar in size and inever, the means of the distributions for the cells in aggregates tensity to those observed in hurricanes but weaker than those were greater, that is, the cells making up the aggregates observed in the continental thunderstorms observed in the tended to be larger, last longer, and rain more than isolated U.S. Thunderstorm Project [Byers and Braham, 1949] . single-cell echoes. Evidently, as concluded by L6pez, the formation of aggregates affords a measure of protection from entrainment of unsaturated environment air for ceUs embedded within the aggregates, while such protection is not available to isolated ceUs. Direct sensing of the air motions in ceUs was accomplished by GATE aircraft sampling. LeMone and Zipser [1980] and Zipser and LeMone [1980] have examined aircraft measurements of the updraft and downdraft velocities in ceUs of type 1-3 echoes on 6 days of GATE. They divided the data into 'drafts,' where the vertical velocity is nonzero continuously for a flight path length >0.5 kin, and 'cores,' for which the absolute values of the velocity exceed 1 m s -• for >0.5 kin. The distributions of draft and core sizes and intensities were log normal at all altitudes in each echo system penetrated ( Figure  12 ). The tendency of convective entities to be log normally distributed is thus seen to apply not only to gross echo structures from 102 to 5 x 104 km 2 in area ( . It five examples of anvil rain. They found that the radar refiec-was determined that rimed aggregates and hexagonal graupel tivity was horizontally stratified with a well-defined radar were the probable ice particle types just above the melting bright band at the melting level (see Figure 13) ship to evaporation and melting will be discussed further in the next section of this paper.
E. CASE STUDIES OF GATE CONVECTION
In the preceding section it was seen that the mean cloudiness and precipitation in GATE were accounted for primarily by cloud clusters. To date, 12 GATE cloud clusters have been subjected to various degrees of case study analysis (Table 1 ).
The first six case studies listed in Table 1 were of squall clusters. The other six were nonsquall clusters. In the following subsections we will first discuss the squall clusters. This will be followed by a discussion of the nonsquail clusters and then by a discussion of smaller cumulus and cumulonimbus associated with clusters. anvils result from an imbalance between. the evaporation of the falling precipitation particles, which acts to increase the relative humidity, and the subsidence, which warms and dries the air.
While the cooling effects of evaporation and melting appear to support and maintain the mesoscale downdraft through hydrostatic adjustment of the pressure field below the anvil, the mechanism that initiates the mesoscale downdraft is not clear.
Miller and Betts [1977] suggest on the basis of convective cloud model simulations that the mesoscale downdraft is
forced to descend, since it overlies a spreading density current of convective-scale downdraft air. In a two-dimensional hydrostatic hurricane model with mesoscale (20 km) horizontal grid spacing, Rosenthal [1980] has shown that as high moist static energy air rising from low levels moves upward in the updrafts of squall-type features that form in the prehurricane stage, low moist static energy air carried downward in neighboring regions of compensating subsidence is advected into the lower part of the moist updraft. This air forms an unsaturated stable ascending wake which cuts the rising cloud air off from lower levels. The stable ascent in the wake leads to cooling below the cloud and a hydrostatic pressure rise at the sur- served vertical profiles of horizontal wind differences (upstream minus downstream values of a given altitude) were consistent with the theoretically optimal streamlines. GATE squall lines exhibited upstream-downstream wind differences similar to the Venezuelan squalls Fortune, 19801. Another idea relevant to discrete propagation is mesocyclogenesis resulting from compensating downward motion [Fritsch, 1975; Hoxit et al., 1976; Fritsch and Chappell, 1980] . This process occurs in Rosenthars [1980] two-dimensional hurricane model wherein the prehurricane squall line propagates in steps. The warming of the air column ahead of an active squall line element by compensating downward motion leads to lowering of the surface pressure ahead of the line. motion also is concentrated just ahead of the Silva gravity wave squall line.
Nonsquail Clusters
As noted in section D3, the overwhelming majority of cloud clusters over the GATE ship array consisted of nonsquall clusters, which traveled more slowly than squall dusters and did not possess the distinctive oval cirrus shield or arc-shaped leading edge characteristic of squall systems. Despite these differences in motion and appearance the nonsquall and squall clusters in GATE exhibited surprising similarities in other aspects of their structures. In view of these similarities, much of the understanding of squall clusters reviewed above The convergence into this low is associated with a reversal of is basic to a universal understanding of convection in the the low-level vertical motion, and a new squall line element ITCZ. The summary of GATE studies of nonsquall clusters forms there. It is interesting that compensatory downward presented below is organized around the theme of their struc-tural and dynamical similarities to squall clusters. Theft differences from squall clusters will also be discussed. a. Occurrence of mesoscale precipitation features in nonsquall clusters. The GATE nonsquall clusters examined in case studies (Table 1) f Differences between squall and nonsquail mesoscale precipitation features. At this stage of GATE research, the similarities of squall and nonsquail clusters are more evident than their differences. The main feature that sets squall systems apart from nonsquall clusters is their rapid motion, which as noted in section El/may be related to the collocation of the squall systems with well-defined northeasterly or easterly jets at 600 to 700 mbar [Frank, 1978] . For reasons that may be rather complex, involving momentum transformations in downdrafts, or gravity wave dynamics, or both, the con- [1979, 1980] and Simpson and van Helvoirt [1980] , we may think of the clouds on September 18 in four categories, to which we assign the following terminology: (1) tiny cumulus--less than 1 km in height, nonprecipitating, (2) small cumulus--I-3 km in height, occasionally precipitating, (3) moderate cumulus--3-9 km in height, nearly always precipitating, and (4) penetrative cumulonimbus cells--over 9 km in height, always associated with precipitation, usually embedded in MPF's.
We are concerned here with the first three categories, i.e., with the tiny to moderate convective clouds. Their characteristics are discussed briefly in the following two subsections.
d. Tiny and small cumulus. These species differ from the deeper ones in that they do not require strong low-level convergence in order to exist. In fact, they occur over wide areas of the tropical oceans, including regions of widespread subsidence (for example, the trades), inimical to the development of the deeper clouds. These clouds arise wherever the mixed layer thickens sufficiently that moist turbulent elements can reach the condensation level. The vertical transports affected by the tiny to small cumulus maintain the moist cloud layer and typical inversion capping it against large-scale subsidence characteristic of undisturbed regions [Betts, 1978] .
Thickening of the mixed layer and occurrence of tiny to small cumulus tend to occur within mesoscale patches, where the turbulent flux of moisture at the condensation level exceeds that at the ocean surface [LeMone, 1980] . (Nicholls and LeMone [1980] 2. The deeper clouds are more effective in modifying the subcloud layer by filling it with downdraft air of low moist static energy, especially when the rainfall rates are substantial [Betts, 1976a; Barnes, 1980] .
In sections E 1 and E2 the effects of the downdrafts of pene- trative cumulonimbus cells associated with the mesoscale precipitation features of squall and nonsquall clusters were described. In their three-dimensional cloud-model study using GATE input data from September 18, Simpson and van Helvoirt [1980] showed that moderate cumulus can also produce strong downdraft modification of the subcloud layer ( Figure  29 ). f. Downdrafts and interactions. The arcs of small cumulus described by Warner et al. [1980] Gaynor and Mandies, 1978] . Once reestablished, the mixed layer is ready to serve as updraft air for future clouds.
F. INTERACTION BETWEEN CONVECTION AND THE LARGE-SCALE FLOW: DIAGNOSTIC MODEL RESULTS
As noted in section B, a central objective of GATE was to estimate the bulk effects of cloud ensembles on the large-scale flow observationally. It was hoped that these estimates would help our understanding of convective parameterization models [Rodenhuis and Betts, 1974] . Prior to the field experiment, most of the emphasis on diagnostic modeling work was directed toward the heat and moisture transports by convection [e.g., Yanai et al., 1973; Ogura and Cho, 1973; Nitta, 1975] using a cloud spectral models of the type proposed by Ooyama [1971] and •lrakawa and Schubert [1974] for cumulus parameterization. Work of this type has continued with GATE data, and there has been a growing awareness of the role of transports of momentum and vorticity by clouds in the dynamics of tropical wave systems and cloud clusters. Considerable progress has been made both observationally and theoretically in understanding these transports. However, the preparation of data sets has been a major task facing researchers undertaking diagnostic modeling studies, and work is still in progress. 
Diagnostic Studies of Convective Transports
While the preparation of better data sets has been in progress, a considerable number of diagnostic studies of mass, thermodynamic, and vorticity transports by GATE convection have been undertaken using preliminary data. This work has been dominated by two themes: (1) the development of improved diagnostic models to interpret the data sets and the derived parameters used to characterize a convective field and (2) the need to reconcile descriptive studies (sections D and E), which indicate that transports occur on various subsynoptic scales, with the limited information in observed budget data and the highly constrained requirements of a closed parameterization theory. It is here that much work remains to approach is relevant to parameterization of convection in by the method of Johnson [1976] with results based on their large-scale numerical models, since there the objective is also own radar population studies [Cheng and Houze, 1979] . With to represent the residual terms in a proper way. The difficulty common model assumptions they found reasonable agreewith the diagnostic studies is that real clouds are not simple. ment between the mass fluxes ( Figure 36 ) (and hence the deAs shown by descriptive studies, they contain convective-scale rived heat fluxes) using these synoptic and radar approaches. updrafts and downdrafts, they have important entrainment They concluded that both methods were basically sound, aland detrainment effects, they have mesoscale anvil circula-though both gave results that depended strongly on model astions, and they are controlled not only by the resolved synop-sumptions. Cheng and Houze [1980] then examined the sensitic-scale motion field but by mesoscale convergence patterns, tivity of the convective-scale fluxes predicted from radar data downdraft outflows, and probably other unresolved features. to some of these model assumptions and suggested an optiThe diagnostic studies to date have emphasized determining mum set based on plausibility arguments. Leary and Houze the extent to which these various features of GATE clouds [1980] showed that the inclusion of mesoscale anvil updrafts can affect convective transports. and downdrafts consistent with descriptive studies of GATE One major area of research has been the extension of the cloud clusters made major changes to the model-derived procloud spectral approach [0oyarna, 1971; ,,lrakawa and $chu-files of convective mass and heat transports. bert, 1974; Ogura and Cho, 1973; Nitta, 1975; Yanai et al., The drawback of these increasingly complex spectral con-1976] to include convective downdrafts and mesoscale anvil vective-scale and mesoscale models is that although these air motions, since GATE descriptive studies have shown their models contain terms for many of the processes now known to importance (Figure 34 , from Houze et al. [1980] ). exist in nature, they contain several parameters and coeffiIn deriving cloud ensemble fluxes from synoptic data, John-cients that are not readfly determined from the data and must son [1976, 1978, 1980b] has used a spectral convective down-be specified. Betts [1975] pointed out that there are two indcdraft, and in the latter paper a mesoscale downdraft as well, pendent budget equations. Earlier papers focused on the both related to the updraft mass flux by coefficients of propor-moist static energy transport, and models discussed above still tionality. An optimum value for the convective downdraft do not use all the information in the second budget equation. amplitude coefficient is found from matching diagnosed and Nitta [1977] and Cho [1977] , on the other hand, have taken observed rainfall, since the greater the evaporation associated different approaches, both using the information of two budwith increased downdraft mass flux, the smaller the net pre-get equations to determine two unique parameters. lustrate how the vertical mass flux in deep convection is con-A different aspect of diagnostic models, which has pre-trolled by wave phase and indicate that during outbreaks of sented some problems, is the transience of cloud systems. On deep convection, the vertical mass flux in shallow convection the easterly wave scale, cloud storage terms associated with is suppressed, apparently by downdrafts. the changing cloud fields (which synoptic data do not resolve) b. Dynamic transports by cloud ensembles. Some progress are relatively small [Johnson, 1980b] , but for the life cycle of has been made in understanding the contribution of clouds to individual cloud clusters, there seem to be significant lags the large-scale vorticity budget [Shapiro, 1978; Stevens, 1979 The papers by Shapiro [1978] , Stevens [1979] , and Shapiro and Stevens [1980] explore the vorticity budget of the composite easterly wave. Their parameterization of the residual, using a single bulk cloud model, gives reasonably good agreement between observed and parameterized sources but shows that spectral models are much worse because the vorticity budget for each cloud spectral type is unrealistic. They also find problems with the diagnosis of cloud mass flux. They conclude that their model was theoretically equivalent to the transient cloud model of Cho and Cheng [1980] . Stevens [1979] and Shapiro and Stevens [1980] attempt an analysis of the momentum budget for the wave, using the data of Thompson et al. [1979] and computing the wave pressure field by integrating the hydrostatic equation using wave perturbation virtual temperatures. The budgets tend to show, depending on wave phase, either sources of sinks of momentum at all heights. They conclude that simple interpretations or parameterizations, which only transport momentum, were not apparent.
G. PARAMETERIZATION TESTS AND CONVECTIVE
MODELING
The testing of convective parameterization theories for use in numerical models was an important GATE objective. Some of this work has been done, but much remains to be accomplished. With the realization of the importance of convective transports of vorticity and momentum [Stevens et al., 1977; Shapiro and Stevens, 1980; , the large effects of clouds on the radiative divergence profile [Cox and Griffith, 1979] , and the importance of mesoscale anvil circulations [Johnson, 1980b; Leafy and Houze, 1980] 
Large-Scale Numerical Modeling
The testing of parameterization schemes is inherent in large-scale numerical model simulations. Recently, Slingo [1980] developed by Soong and Ogura [1980] . Domain-averaged vertical and horizontal wind and initial thermodynamic structure were prescribed for an observed deep convective situation. A randomly generated population of model clouds was allowed
Shallow Cumulus and Stratocumulus Modeling
Although the modeling and parametric work described in this section has not been done using GATE data, much of it is relevant to GATE objectives and will be used for further analyses. Work has been done on the construction of parametric models for shallow cumulus layers [Albrecht et al., 1979; Albrecht, 1979] . These papers discuss the evolution of a mixed layer type model [Betts, 1973a] [1980] cloud parameterization (section G1) includes stratocumulus with radiative feedback. The breakup of a stratocumulus layer through cloud top entrainment instability has been modeled by Randall [1980b] and Deardorff [1980] . The three-dimensional modeling of shallow cumulus populations has advanced considerably [Sommeria, 1976; Sommeria and LeMone, 1978] . In the latter paper the authors compare model parameters with experimental data and find good agreement for some parameters. Subsequently, Beniston and Sommeria [1981] The cloud clusters were of two types: squall clusters, which propagated rapidly and were associated with pronounced vertical wind shear, and nonsquail clusters, which propagated slowly and were associated with weaker wind shear.
Cloud clusters were characterized by large upper level cloud shields that emanated from penetrative cumulonimbus. Accompanying the deep cumulonimbus was a spectrum of smaller convective features ranging from moderate cumulonimbus down to tiny nonprecipitating cumulus. The spectrum of sizes of these convective features, whether measured in terms of height, area, duration, or rainfall rate, was log normal. That is, there existed a great many smaller convective clouds and rain areas for each large cumulonimbus rain area in a cloud cluster.
However, the relatively few large cumulonimbus rain areas, referred to as 'mesoscale precipitation features,' accounted for about 90% of the rain in GATE. These mesoscale precipitation features were the preferred regions where the deepest convective cells or 'hot towers,' hypothesized to exist by Riehl and Malkus [1958] , actually formed and penetrated to the Further diagnostic and parametric studies are needed. It is clear that on large enough scales (700 km and 24 hours), precipitation amd mean vertical motion are closely coupled. This gives encouragement for the parameterization of convection. However, it has not been shown that we can predict the detailed vertical structure of the convective fluxes with sufficient accuracy. GATE, moreover, has shown that the vorticity transports by convection cannot be neglected in favor of a purely thermodynamic convective parameterization. On space and time scales more comparable to the mesoscale precipitation areas (100 km and 4 hours) we are far from understanding the parametric problem.
Much remains to be done to understand the mechanism of scale interactions in the tropics, and many GATE data remain unexamined. We anticipate that in future years these data will used to study more examples of GATE convective systems and their interactions with their environments will be intensively studied and, as a result, the mechanisms involved will be closer to being unraveled.
